Dielectric Relaxation of Liquid Polyethyleneglycol

on Addition of Polyvinylpyrrolidone
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The set of relaxation times describing the dynamic dielectric properties of liquid polyethylenegly-
col 200 at 20 and 40°C is found to be practically independent of the admixture of polyvinyl-
pyrrolidone, though the viscosity is appreciably increased. This is compared to the rather similar

behaviour of small molecular solvents.

In previous dielectric relaxation studies [1-3] we
have found that the behaviour of a polar solvent with
polymer solutes differs remarkably from that with low
molecular solutes: Depending on polymer concentra-
tion, two spectral components are revealed which both
are ascribable to the solvent. Their relaxation times
stay nearly independent of the concentration, al-
though the viscosity may be increased considerably.
The assumption of microheterogeneity is adequate to
explain these relaxation contributions, distinguishing
portions of unaffected bulk solvent from portions
which are slowed down in their relaxational motion as
a result of some kind of polymer ‘solvation’. That
behaviour was observed similarly with aprotic [1-3]
as well as protic solvents [1], in any case with solvents
which consist of relatively small molecules.

It seemed worthwhile to extend these observations
to solvents consisting of larger molecules such as
oligomeric liquids, in order to see to what extent the
apparent ‘decoupling’ of relaxational behaviour and
macroscopic viscosity may persist. The present note
reports results obtained with polyethyleneglycol
(PEG) as solvent and (as in the above-mentioned
work) polyvinylpyrrolidone (PVP) as polymeric sol-
ute. The mean relative molar mass of PEG used was
M,~200, that of PVP was 24 000. The highest con-
centration studied corresponds to a mass fraction
wpyp=0.13. Some results for related systems will be
mentioned for comparison.

Chemicals from Aldrich were used as obtained. The
imaginary part &¢” (w) of the dielectric function (viz. the
dielectric loss) was measured with an uncertainty of a
few percent at 12 spot frequencies ranging between
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about 10 MHz and 36 GHz at two temperatures, 20
and 40 °C. The viscosity shall serve only for qualitative
orientation, it was measured with an Ostwald vis-
cosimeter.

On addition of PVP, the well known &” (w) spectrum
of pure liquid PEG, which is broader than a Debye
curve [4, 5], is gradually shifted towards lower fre-
quencies. Closer inspection shows that also the shape
is slightly altered. For a formal description we have
fitted a sum of Debye type functions to the data,

M+12o?’

@)= (1)

While for pure PEG three spectral components C; are
sufficient, the solution spectra, at least for higher PVP
concentrations, are clearly better fitted by four terms
(this reduces the rms relative deviation by a factor of
2+ 3 in comparison to a three term fit). The relaxation
parameters 7; and S; as obtained in the latter way
(pronouncing moreover the relaxation strength S, if
possible within its variability range) are represented in
Figure 1. The temperature dependence may be ex-
pressed by an activation enthalpy AH according to an
Arrhenius law. For the main term there is on average
AH ,~22 kJ/mol.

The four term fit scheme by itself yields relaxation
times 1, ... 7, which stay approximately constant, in-
dependent of concentration and, consequently, viscos-
ity. The viscosity increases almost exponentially from
n=62.8 mPas for pure PEG to 568 mPas (at 20 °C) for
the highest concentration (wpyp=0.13).

Since the inference that relaxation times do not
change as the viscosity is influenced by the choice of
the fitting scheme, it may be supported by a further
example. Using the protic polymeric solute poly-
acrylic acid (PAA), as high viscosities as mentioned
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Fig. 1. Relaxation parameters 7; and S; according to (1) for
PEG 200+ PVP, 20°C (left) and 40°C (right). Spectral com-
ponents C;: xC,,0#C,,aC;,0C,.

before are achieved already at rather low PAA con-
tent. With wp,,=0.01 one obtains #=550 mPas at
20°C. At such a low concentration the polar solute
itself is unlikely to be directly discernible in the dielec-
tric absorption spectrum. Notwithstanding the in-
creased viscosity, the spectrum appears practically un-
altered to within experimental uncertainty, which
means constancy of relaxation times.

Turning to the PVP/PEG system again, let the as-
signment of the spectral components C; (Fig. 1) be
briefly discussed. From the unaltered relaxation times
7, ... 74 as well as from that the concentration depen-
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dence of S, ... S, it is evident that these spectral com-
ponents are essentially ascribable to the solvent PEG.
Component C,, on the other hand, might be due to
‘affected’ PEG and/or to the solute PVP. An attempt
at its assignment shall be made by comparison with
our previous results.

With low molecular solvents (even with ethanediol
[1], a liquid similar to PEG with respect to the OH
functionality) the PVP contribution to the overall ab-
sorption is found to be very broad, reaching down to
some MHz, in contrast to the C, component of
the present examples. Assuming for the moment that
C, comprises the total PVP contribution, one ex-
pects from the comparative examples that the re-
laxation strengths S; be greater than observed (e.g.
for wpyp=0.13, 20 °C, expected: S; 2 3, experimental:
S, =2.5). From this and the finding mentioned first it
follows that the contribution of PVP to the dielectric
spectra of the present solution differs qualitatively
from that when dissolved in low molecular liquids,
probably because of interferences with the PEG relax-
ation which may alter the structural and dynamical
circumstances of PVP. Thus, C, ... C, may include
some minor PVP contributions. The spectral compo-
nent in question, C,, is likely to be essentially due to
the solute PVP.

Our interest concerns the solvent rather than the
solute. The inference that this is characterized by the
spectral components C, ... C, implies the peculiarity
that, in spite of increasing viscosity, the relaxation of
a considerable portion of the solvent stays apparently
unaffected by the polymeric solute, with that resem-
bling low molecular solvents. In contrast, however,
the remaining part of the spectrum cannot further be
separated into contributions from solute and ‘affected’
solvent. Comparable results obtained with PEG 400
are informative in that respect. In the case of this
solvent, arguments in favour of the four term fit are
less compelling, hence different solvent and solute
contributions are hard to distinguish at all. In conclu-
sion, PEG 200 seems to take an intermediate position
between low molecular and higher polymeric solvents
with regard to the appearance of dielectrically dis-
cernible contributions which can be pictured by a two
state (affected vs. bulk solvent) model.
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